Background: undernourishment is common in elderly hip fracture patients and has been linked to poorer recovery and increased post-operative complications. Objective: to determine whether a nutritional supplement may (i) help elderly patients return to pre-fracture functional levels 6 months post-fracture and (ii) decrease fracture-related complications and mortality. Design a double-blind, randomized, placebo-controlled clinical trial. Setting a county hospital near Barcelona. Subjects 171 patients, aged 70 and older, hospitalized for hip fracture between July 1994 and July 1996. Methods: we randomized patients to intervention (n 85) or control (n 86) group. Patients received a nutritional supplement containing 20 g of protein and 800 mg of calcium or placebo for 60 days. We determined functional levels by the Barthel index, the mobility index and by the use of walking aids. We performed assessments during hospitalization and at 2 and 6 months post-fracture. Findings: the two groups were comparable at study entry. We observed no differences in return to functional status 6 months post-fracture (61% intervention group vs 55% in control group) nor in fracture-related mortality (13% in intervention group vs 10% in control group). The intervention group suffered fewer in-hospital [odds ratio 1.88 (95% CI 1.01±3.53), P 0:05] and total complications [odds ratio 1.94 (95% CI 1.02±3.7), P 0:04] than the control group. Conclusion based on our results, we cannot recommend routine nutritional supplementation of all elderly hip fracture patients. While nutritional supplementation may be useful in decreasing complications, this reduction does not result in improvement in functional recovery and nor does it decrease fracture-related mortality. Selected patients may, however, bene®t from nutritional supplementation.
Introduction
Hip fracture due to accidental falls is associated with increased mortality, disability and dependence on others in older patients [1±7] . Many hip fractures in elderly people can be attributed to frailty which can lead to falls [5, 8±10] . On the premise that nutritional status is a major component of frailty in old age and undernutrition is related to functional prognosis, several studies in the past decade have attempted to demonstrate the ef®cacy of nutritional interventions for older hip fracture patients [11±15] . These studies reported fewer days in hospital, fewer complications, quicker recuperation, improvement in nutritional measures and a decrease in the proportion of deaths in those receiving nutritional supplements [5, 16±18] . These results have led authors to recommend routine protein supplementation of all hip fracture patients [16, 18±22] . However, few data exist on the relation between functional recovery and nutritional supplementation.
Between 1994 and 1996, we carried out a randomized, double-blind, placebo-controlled trial to determine whether nutritional supplementation of elderly hip fracture patients improves 6-month recovery. 
Methods Protocol
We evaluated all patients aged 70 and over hospitalized for fracture of the proximal femur at the Vic General Hospital (Barcelona) for admission in the study. Patients with advanced dementia, those who needed intravenous nutrition, and those whose fracture was pathological or not due to accidental falls were excluded. The study was approved by the Vic General Hospital ethics committee. All participants or caregivers were required to give informed consent.
Within 48 h of admission to the orthopaedic ward, patients were evaluated for inclusion in the study and randomized to intervention or control group. We then interviewed patients or caregivers and collected information on: demographic data, fracture information, medical history, pre-fracture functional status (using the Barthel index [23] and the Mobility index [2] and questions about use of walking aids) and cognitive functioning at the time of admission (Mental Status Questionnaire). The hospital dietician administered a validated food frequency questionnaire from which calcium intake was calculated based on the daily consumption of milk products [24, 25] . In order to determine body mass index, we estimated height (based on knee height [26] ) and weighed patients on a regularly calibrated Seca weighing chair [27] . We determined serum albumin concentrations on admission and recorded all complications during the hospital stay. Nutritional supplementation began within 48 h of study entry and continued for 60 days. Patients were given the supplements at night so they did not replace other meals. Upon hospital discharge, we gave participants the remaining nutritional supplements. These were administered by nursing staff for those who were discharged to a geriatric rehabilitation unit or nursing home.
Follow-up visits were scheduled at 2 and 6 months post-fracture to determine functional and nutritional status and record complications. The dietician evaluated compliance at the 2-month follow-up visit based on self-report or caregiver's assessment. Compliance was categorized as`good' if 45±60 of the supplements had been consumed,`fair' if 30±44 supplements had been consumed and`poor' if less than 30 supplements had been consumed. All deaths during the 6-month follow-up period were con®rmed by the family, nursing home or attending physician.
Randomization
Randomization was organized by the hospital's epidemiology and pharmacy units. The epidemiology unit generated a list of treatment assignment by computer in blocks of four and prepared sealed envelopes with participant number and assignment group. Upon being advised of a patient's inclusion in the study, the pharmacist assigned the patient a study number, opened the envelope to determine treatment assignment and prepared the appropriate nutritional supplements.
Preparation of supplement and placebo
The nutritional supplement was designed to provide the necessary dietary intake of protein and other vitamins and minerals as well as to be as similar as possible to supplements used in previous studies. A pharmaceutical company (Clinical Nutrition SA, Mataro Â, Spain) prepared and coded the nutritional supplement and the placebo. Both supplements were available in three¯avours and there was no difference in taste or appearance. The nutritional supplement provided 149 calories per dose and included 20 g of protein, 800 mg of calcium and 25 IU of vitamin D3, along with other vitamins and minerals. The placebo supplement provided 155 calories, mainly derived from carbohydrates. Both supplements were 200 ml and administered once a day for 60 days.
Statistical analysis
We considered return to pre-fracture functional level 6 months post-fracture as the primary study end-point. We also studied complications and mortality. Dichotomous variables were created, de®ning return to prefracture functional status as a difference of #10 points in Barthel index score and return to pre-fracture mobility status as a difference of #1 point in mobility index score. We considered participants as having complications if at least one complication was presented during hospitalization or at any follow-up visit.
We analysed data based on intention-to-treat. We analysed continuous variables using the Student's ttests and x 2 tests for non-continuous variables. Nonparametric tests (MannÐWhitney U test) were used for variables that were not distributed normally. A Kaplan±Meier survival analysis and the log rank test were performed to analyse 6-month mortality. Signi®-cance was set at 0.05 or less. All statistical analysis were performed using SPSS 7.5 for Windows.
Results
Of 179 people admitted for hip fracture over the 2-year period, 171 patients met inclusion criteria and agreed to participate in the study. We randomized 85 patients to the intervention group and 86 to the control group. Ten participants withdrew from the study within the ®rst week of inclusion: eight due to protocol violation (®ve from the intervention group, three in the control group) and two who were unable to swallow (both from the control group). This left 80 in the intervention group and 81 in the control group. One hundred and twenty-eight participants (61 in the intervention group and 67 in the control group) were available for the 6-month analysis (see Figure 1) .
Baseline characteristics were similar for the two groups ( Table 1 ). The ratio of women to men was the same in both groups (8 : 2) and the average age was 82.5 years. Pre-fracture functional status (Barthel and Mobility indices) was comparable for the two groups. Over half the participants in both groups walked without aids before the fracture and just over 30% used a walking stick. Use of psychotropic medications was more frequent in the control group. Nutritional status on admission was comparable in the two groups. Few patients (8.2% in the intervention group and 8.1% in the control group) were considered undernourished (body mass index <18 or mid-arm circumference <20).
Hospital stay averaged just over 2 weeks for both groups. About 60% of patients in both groups were discharged to a nursing home. We found no signi®cant differences in supplement consumption (Table 2) .
Serum albumin concentrations increased in both groups at 2 months post-fracture and continued to increase 6 months post-fracture; these differences were not signi®cant (2-month mean increase: 3.1 g/l in intervention group, 1.1 g/l in control group; 6-month mean increase: 5.1 g/l in intervention group, 3.6 g/l in control group; data not shown).
Six-month functional status
The intervention group did not have better 6-month functional recovery than the control group. Patients in both groups were able to walk on their own about 12 days after surgery. Patients in both groups showed a decrease in the Barthel index (average points lost: 14.6 6 21.2 in the intervention group and 15.8 6 20.6 in the control group) as well as in mobility (average of 2 points lost on the mobility index in both groups). Over half of all participants in both groups had returned to pre-fracture levels of activities of daily living as well as pre-fracture levels of mobility (Table 3) .
Complications and mortality
Participants in the control group suffered more complications during hospitalization (45% versus 31%, NS) and over the entire 6-month follow-up period than participants in the intervention group (70% versus 55%, P 0:04). The most common complications were delirium, urinary tract infection and bed sores. Six-month fracture-related mortality was similar in the two groups. We observed no differences between the two groups in overall mortality rates or in the average number of days between the fracture and death (Tables 2 and 3 and Figure 2 ; log-rank test, P 0:137).
Discussion
Nutritional supplementation is thought to in¯uence recovery by its effects on muscle function. Marked malnutrition results in decreased muscle strength. Within 5 days of feeding, muscle cell function is greatly enhanced, improving muscle strength and performance by up to 15%. An improvement in muscle strength, as well as other nutritional markers such as serum albumin and body mass index, allows patients to recover quicker than if they were undernourished [21] . Over the past 10 years, a series of studies have promoted nutritional intervention in hip fracture patients [5, 16±18] . Initial studies showed promising results in decreasing hospital stay, restoring nutritional status and bone mineral density, and lowering complication and mortality rates. Later studies have not produced such promising results. Recently published studies have shown improvements in biological markers but not in functional measures. Most studies of nutritional supplementation have failed to include functional recovery as an objective or have not found signi®cant differences in functional measures [21, 27] .
We have not been able to show that nutritional supplementation improves functional recovery in Figure 1 . Trial pro®le. elderly hip fracture patients. Although overall complication rates were lower in the intervention group, this difference affected neither functional recovery nor mortality. Differences in study methodology may account for the con¯icting results found in our study compared with previous ones. Our study was designed to be representative of hip fracture patients in our setting; thus, wide inclusion criteria were set and only eight patients hospitalized for hip fracture during the study period were excluded. Randomization and the doubleblind nature of controlled clinical trials ensure internal validity. Additionally, our sample size was somewhat larger than that of other trials. As for the intervention, the nutritional supplement we used provided a comparable level of protein and 300 mg more calcium than those used by Delmi and colleagues [5] , Schu Èrch and colleagues [15] , and Tkatch and colleagues [18] . It did, however, contain about 100 fewer calories. We provided nutritional supplementation for 60 days whereas others have supplemented patients anywhere from 1 to 6 months. Thus, differences in calori®c content of nutritional supplements and duration of supplementation may account for the discrepancies in ®ndings. It is also possible that the participants in our study were better nourished than participants in previous studies.
The only signi®cant difference between the two groups at study entry was the use of psychotropic medications. Given that patients using psychotropic medication are more likely to suffer from delirium, and delirium was the most common complication, we also analysed complication rates excluding delirium from the list of possible complications. Although participants in the control group continued to report more complications, this difference was not statistically signi®cant (overall complications 45% versus 58%, P 0:098). Figure 2 . Six-month survival curves for intervention group (Ð, n 80, 17 deaths) and control group (..., n 81, 10 deaths); P 0:14.
Given our results, we cannot recommend routine nutritional supplementation of all older patients suffering from hip fracture. Although nutritional supplementation may result in a slight reduction in post-operative complications, this reduction does not necessarily aid in recovery of activities of daily living skills and mobility, and nor does supplementation decrease hospital stay. Thus, bene®ts other than a reduction in complications should not be expected from nutritional supplementation. However, our study population was mainly well-nourished. Well-designed studies of larger sample sizes are needed to determine whether subgroups of patients do have improved functional recovery as a consequence of nutritional supplementation, and to determine what nutritional changes produce such effects.
Key points
· Hip fractures are frequent in elderly patients and associated with increased mortality and disability.-Previous studies have shown that post-fracture nutritional supplementation can reduce the number of days of hospitalization and rehabilitation, decrease post-operative complications, decrease mortality rates and help patients regain mobility. · The effects of nutritional supplementation on return to pre-fracture functional status, including activities of daily living, have not been reported. · Although we observed a decrease in post-fracture complications, functional recovery was not improved by the nutritional intervention and nor were days of hospitalization and mortality affected. · Based on our results, routine nutritional supplementation is not recommended for elderly hip fracture patients although subgroups of patients, such as those who are severely malnourished, may bene®t from supplementation.
